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METHOD FOR REMOTE MEASURING OFA 
PHYSICAL VARIABLE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 5 

This application is the national stage application of PCT 
Patent Application No. PCT/NL2008/050561, filed Aug. 22, 
2008 and entitled “Method For Remote Measuring of a Physi 
cal Variable', and claims priority under 35 U.S.C. S365(b) to 
European Patent Application No. 07114969.4, filed Aug. 24. 
2007 and entitled “Method For Remote Measuring a Physical 
Variable'. 

The present invention refers to a method for remote mea 
Suring a physical variable (V). 

According to the invention it is preferred that the method 
comprises next steps: 

providing an RF transceiver arranged for transmitting an 
RF signal and for receiving a reflection signal which is 20 
derived from said transmitted signal; 

providing an RF transponder comprising a dielectric mate 
rial having an dielectric property which is dependent on 
said physical variable according to a first function (f(v)) 
and which dielectric material is exposed to said physical 25 
variable v to be measured; the transponder being 
arranged to receive the signal transmitted by the trans 
ceiver and to reflect, as said reflection signal, a signal 
which is dependent on the signal transmitted by the 
transceiver and of the actual dielectric property accord- 30 
ing to a second function (f(d)); 

providing processing means for comparing the signal 
transmitted by the transceiver and the reflection signal 
received from the transponder and for converting the 
comparison result into a value which is representative 35 
for the physical variable (V) to be measured, applying 
said first function and second function (f(v), f(d)). 

So, in short, the dielectric material of the transponder is 
exposed to the environment in which the physical variable to 
be measured—temperature, humidity, pressure etc.—is 40 
present, setting the dielectric constant. If the transceiver 
transmits its RF signal, the dielectric constant within the 
transponder may determine e.g. the magnitude, phase, etc. of 
the signal which is reflected by the transponder. At the side of 
the transmitter both, the transmitted and the reflected can be 45 
mutually compared and the value of the variable to be mea 
Sured be calculated from the comparison result. 
The attenuation of the reflection signal compared with the 

transmitted signal may be measured. A drawback could be 
that the attenuation depends on the distance and further trans- 50 
mission conditions between the transceiver and the transpon 
der, which may be variable. 

To prevent said drawback, it may be preferred that the 
(relative) phase shift is measured of the reflection signal com 
pared with the signal transmitted by the transceiver. In most 55 
cases phase shift is independent on the (variable) distance and 
further transmission conditions between the transceiver and 
the transponder. 

To be able to discriminate between signals which are not 
reflected by the transponder but by any other bodies, surfaces 60 
etc. and signals which are reflected by the transponderindeed, 
it is preferred that the transponder converts the signal received 
from the transceiver into a signal comprising second and/or 
higher harmonics and reflects that reflection signal compris 
ing harmonics. In that case the harmonics have to be discrimi- 65 
nated in the transceiver from any signals reflected by said 
other bodies, surfaces etc. which only will comprise the fun 

10 

15 

2 
damental frequency (but no harmonics to a substantial 
extend) of the signal transmitted by the transceiver. 
Below an exemplary embodiment of a system will be pre 

sented, illustrated. in FIG. 1. 
FIG. 1 shows an exemplary embodiment of a system which 

is fit to perform the method as outlined in the foregoing. 
In FIG. 1 the system for remote measuring a physical 

variable V, e.g. a temperature or humidity within a certain 
room or area comprises an RF transceiver 1 arranged for 
transmitting an RF signal 2 and for receiving a reflection 
signal 3 which is derived from said transmitted signal 2. The 
system, moreover, includes an RF transponder 4 comprising 
e.g. a patch antenna which is includes two flat antenna con 
ductors 5, 6 having a layer 7 of a dielectric material in 
between them, having an dielectric property which is depen 
dent on said physical variable according to a first function 
d=f(v). The dielectric material (which may reside inside or 
outside the proper transponder) is exposed to said physical 
variable v to be measured. 
As a dielectric material a FR-4 like material may be used. 

FR-4 (Flame Resistant 4), is a type of material used for 
making a printed circuitboard (PCB).The FR-4 used in PCBs 
is typically UV stabilized with a tetra functional resin system. 
It is typically a yellowish colour. FR-4 manufactured strictly 
as an insulator (without copper cladding) is typically a 
difunctional resin System and agreenish colour. FR-4 is simi 
lar to an older material called G-10. G-10 lacked FR-4's self 
extinguishing flammability characteristics. FR-4 has widely 
replaced G-10 in most applications. Some military applica 
tions where destruction of the circuitboard is a desirable trait 
will still utilize G-10 (Source: http://en.wikipedia.org/wiki/ 
FR-4) 
The transponder 4 is arranged to receive the signal 2 trans 

mitted by the transceiver and to reflect, as reflection signal 3. 
a signal. The amplitude, phase etc. of the reflection signal of 
course depends on the properties (amplitude, frequency etc.) 
of the incoming signal 2 transmitted by the transceiver and, 
moreover, on the properties of a circuit 8, which comprises a 
diode or diode-like component, providing—as generally 
known in the art—higher (especially second) harmonics in 
the reflected signal, which harmonics can be discriminated, at 
the transceiver side, from accidental signal reflections. The 
dependency of the reflection signal could be represented by 
3=f(d.2)). 
At the side of the transceiver processing means 9 are pro 

vided for comparing the properties of signal 2 transmitted by 
the transceiver 1 and the reflection signal 3 received back 
from the transponder, and for converting the comparison 
result into a value which is representative for the physical 
variable V to be measured, applying the dependency functions 
f(v) and f(d)). 
As is has been mentioned and discussed in the foregoing, 

the processing means 9 preferably are arranged to measure 
the phase shift of the reflection signal compared with the 
signal transmitted by the transceiver. For resonant signals the 
antenna, mainly formed by the members 5, 6 and 7, will 
reflect a phase shifted reflection signal. As the resonance 
frequency depends on the actual dielectric constant of the 
substrate 7, the actual phase shift thus will depend on the 
dielectric constant of the substrate 7 and will therefore 
depend on the actual physical properties (e.g. temperature, 
humidity, pressure etc.) of the antenna's environment, indi 
cated in FIG. 1 by the symbol V. 
As mentioned before, it is preferred the transponder to 

comprise means for converting the signal received from the 
transceiver into second and/or higher harmonics of that signal 
and for reflecting at least part of those harmonics. In that case 
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the transceiver must comprise means (e.g. a filter) for dis 
criminating the harmonics from the fundamental frequency 
of the signal transmitted by the transceiver. For the generation 
of Such second and/or higher harmonics the transponder cir 
cuitry 8 may comprise a diode or another non-linear member. 
The antenna of the transponder 4 may have the shape of a 

micro strip antenna, a printed antenna, a micro strip patch 
antenna or a patch antenna. 
The invention claimed is: 
1. A method for remote measuring a physical variable 

comprising 
transmitting an RF signal, by an RF transceiver, to an RF 

transponder comprising a dielectric material having a 
dielectric property which is dependent on said physical 
variable according to a first function and which dielec 
tric material is exposed to said physical variable to be 
measured, wherein the dielectric property varies with 
variations in the physical variable as a result of direct 
exposure to an environment defining the physical vari 
able, the transponder being arranged to receive the sig 
nal transmitted by the transceiver; 

receiving a reflection signal, by the RF transceiver, that is 
reflected from the RF transponder, said reflection signal 
being a signal which is dependent on the signal trans 
mitted by the transceiver and on the actual dielectric 
property according to a second function; 

comparing, by a processing means, the signal transmitted 
by the transceiver and the reflection signal received from 
the transponder; and 

converting, by the processing means, the comparison result 
into a value which is representative for the physical 
Variable to be measured by applying said first function 
and second function. 

2. The method according to claim 1, wherein the operation 
of comparing the signal transmitted by the transceiver and the 
reflection signal received from the transponder includes com 
paring an attenuation of the reflection signal with the signal 
transmitted by the transceiver to determine an attenuation that 
occurred when the signal transmitted by the transceiver 
passed through the dielectric material, wherein the attenua 
tion varies as the dielectric property varies with variations in 
the physical variable as a result of direct exposure to an 
environment defining the physical variable. 

3. The method according to claim 1, wherein the operation 
of comparing the signal transmitted by the transceiver and the 
reflection signal received from the transponder includes com 
paring a phase of the reflection signal with a phase of the 
signal transmitted by the transceiver to determine a phase 
shift that occurred when the signal transmitted by the trans 
ceiver passed through the dielectric material, wherein the 
phase shift varies as the dielectric property varies with varia 
tions in the physical variable as a result of direct exposure to 
an environment defining the physical variable. 

4. The method according to claim 1, 2, or 3, wherein the 
transponder converts the signal received from the transceiver 
into second and/or higher harmonics and reflects said reflec 
tion signal comprising said harmonics; 

wherein in said transceiver the harmonics are discrimi 
nated from the fundamental frequency of the signal 
transmitted by the transceiver. 

5. A system for remote measuring a physical variable com 
prising 

an RF transceiver arranged for transmitting an RF signal 
and for receiving a reflection signal which is derived 
from said transmitted signal; 
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4 
an RF transponder comprising a dielectric material having 

an dielectric property which is dependent on said physi 
cal variable according to a first function and which 
dielectric material, in operation, is exposed to said 
physical variable to be measured; wherein the dielectric 
property varies with variations in the physical variable as 
a result of direct exposure to an environment of the 
physical variable, the transponder being arranged to 
receive the signal transmitted by the transceiver and to 
reflect, as said reflection signal, a signal which is depen 
dent on the signal transmitted by the transceiver and of 
the actual dielectric property according to a second func 
tion; and 

a processor for comparing the signal transmitted by the 
transceiver and the reflection signal received from the 
transponder and for converting the comparison result 
into a value which is representative of the physical vari 
able to be measured by applying said first function and 
second function. 

6. The system according to claim 5, wherein the processor 
is arranged to compare the phase of the reflection signal with 
the phase of the signal transmitted by the transceiver to deter 
mine a phase shift that occurred when the signal transmitted 
by the transceiver passed through the dielectric material, 
wherein the phase shift varies as the dielectric property varies 
with variations in the physical variable as a result of direct 
exposure to an environment defining the physical variable. 

7. The system according to claim 5 or 6, wherein the 
transponder is configured to convert the signal received from 
the transceiver into second and/or higher harmonics of that 
signal and for reflecting at least part of those harmonics; 
wherein said transceiver is configured to discriminate the 
harmonics from the fundamental frequency of the signal 
transmitted by the transceiver. 

8. The system according to claim 7, wherein the transpon 
der comprises at least two reflecting antenna electrodes inter 
connected via an interconnection circuit comprising a diode. 

9. The system according to claim 5, wherein the transpon 
der comprises at least two reflecting antenna electrodes hav 
ing the shape of a micro strip antenna, a printed antenna, a 
micro strip patch antenna or a patch antenna. 

10. The system of claim 5, wherein the transponder com 
prises at least two reflecting antenna electrodes and the 
dielectric material is positioned between the at least two 
reflecting antenna. 

11. A method for remote measuring of a physical variable 
comprising 

receiving an RF signal at an RF transponder comprising a 
dielectric material having a dielectric property which is 
dependent on said physical variable according to a first 
function and which dielectric material is exposed to said 
physical variable to be measured, wherein the dielectric 
property varies with variations in the physical variable as 
a result of direct exposure to an environment defining the 
physical variable, the transponder being arranged to 
receive the signal transmitted by an RF transceiver; and 

reflecting a reflection signal from the RF transponder, said 
reflection signal being a signal which is dependent on 
the signal transmitted by the transceiver and on the 
actual dielectric property according to a second func 
tion. 

12. The method according to claim 11, further comprising 
converting the signal received from the transceiver into sec 
ond and/or higher harmonics; and 

reflecting said reflection signal comprising said harmonics. 
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